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Abstract 
 
Because of its simplicity, low-cost and ruggedness, the 
conventional polyphase induction motor has been considered for 
many applications in which it can be used as a generator of 
electrical power. These include grid-connected as well as stand-
alone applications such as air craft, fire fighting and wind turbine 
generating equipment. While schemes of varying complexity have 
been proposed for the control of the resulting output voltage and 
frequency, the process of self excitation by which an isolated 
machine can generate electrical power in the presence of 
appropriate amount of capacitance is still being investigated.  
In this dissertation project, an investigation into the steady-state 
performance characteristics of slip-ring induction machine 
operated as a synchronous generator in the presence of a rotary 
synchronous exciter is presented. It is shown that in addition to the 
enhanced controllability offered by machine D.C field excitation, 
considerable improvement of the resulting output voltage is 
obtainable through the rotary synchronous exciter. The relative 
size of this exciter requires future investigations.    
 
 ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
 
ﻨﺴﺒﺔ ﻻﻨﺘﺸﺎﺭ ﺍﻟﻤﺎﻜﻴﻨﺎﺕ ﺍﻟﺤﺜﻴﺔ ﻭﻟﻘﻠﺔ ﺘﻜﺎﻟﻴﻔﻬﺎ ﻭﺒﺴﺎﻁﺔ ﺘﺭﻜﻴﺒﻬﺎ ﻭﺘﺸﻐﻴﻠﻬﺎ ﻤﻘﺎﺭﻨﺔ ﺒﻘﺭﻴﻨﺎﺘﻬﺎ 
ﺍﻤﻨﺔ، ﺍﻋﺘﺒﺭﺕ ﺍﻟﻤﻭﻟﺩﺍﺕ ﺍﻟﺤﺜﻴﺔ ﺫﺍﺕ ﺍﻟﺜﻼﺜﺔ ﺃﻭﺠﻪ ﺍﻟﺒﺩﻴل ﺍﻟﻤﻐﺎﻴﺭ ﻓﻰ ﻤﺠﺎﻻﺕ ﻤﻥ ﺍﻟﻤﺎﻜﻴﻨﺎﺕ ﺍﻟﻤﺘﺯ
ﺘﻭﻟﻴﺩ ﺍﻟﻁﺎﻗﺔ ﺍﻟﻜﻬﺭﺒﺎﺌﻴﺔ ﻜﻤﺎ ﺃﺠﺭﻴﺕ ﺒﻌﺽ ﺍﻟﺒﺤﻭﺙ ﻻﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺎﻜﻴﻨﺔ ﺍﻟﺤﺜﻴﺔ ﻜﻤﻨﻅﻭﻤﺔ ﻤﻨﻔﺼﻠﺔ 
ﻭﻜﻴﻔﻴﺔ ﺇﺜﺎﺭﺘﻬﺎ ﺒﻭﺍﺴﻁﺔ ﻋﺩﺩ ﻤﻥ ﺍﻟﻤﻜﺜﻔﺎﺕ ﺃﻭ ﺘﺤﻭﻴﻠﻬﺎ ﺇﻟﻰ ﻤﺎﻜﻴﻨﺎﺕ ﻤﺘﺯﺍﻤﻨﺔ   ﻜﻤﺎ ﻤﻭﻀﺢ ﺒﻬﺫﻩ 
  .ﺍﻷﻁﺭﻭﺤﺔ
ﻀﻭﺀ ﻫﺫﺍ ﺍﻟﺴﺭﺩ ﺃﺠﺭﻴﺕ ﻋﺩﺓ ﺘﺠﺎﺭﺏ ﻤﻌﻤﻠﻴﺔ ﻋﻠﻰ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺎﻜﻴﻨﺔ ﺍﻟﺤﺜﻴﺔ ﺫﺍﺕ ﻋﻠﻰ  
ﺍﻟﺤﻠﻘﺎﺕ ﺍﻹﻨﺯﻻﻗﻴﺔ ﻓﻲ ﺍﻟﺤﺎﻟﺔ ﺍﻟﻤﺴﺘﻘﺭﺓ ﻜﻤﻭﻟﺩ ﻤﺘﺯﺍﻤﻥ ﻭﻜﻤﻜﺜﻑ ﻤﺘﻐﻴﺭ ﻭﺍﻟﺫﻱ ﻴﺤﺘﺎﺝ ﺘﺤﺩﻴﺩ ﺤﺠﻤﻪ 
  . ﻟﺒﺤﻭﺙ ﻭﺩﺭﺍﺴﺎﺕ ﻓﻲ ﺍﻟﻤﺴﺘﻘﺒل
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CHAPTER ONE 
Introduction 
 
1.1 General: 
Recently, there has been a growing awareness that the bulk of the future 
energy needs are not going to be met solely by conventional sources. If 
fossil fuels are not to be depleted in the coming decades, alternative sources 
of energy will have to be exploited at an increasing rate. In order for the 
Solar and Wind-Energy alternative to compete favourably towards our future 
energy demands, it is imperative that the capital costs of the conversion 
plant, the electrical generator, the mounting structure and the energy-storage 
system (if any) should be as low as possible with due regard to high 
conversion efficiency and controllability. The electrical generator and 
output, controllability is what concerns us in this project. 
 
1.2 Aim of the research project: 
The aim of the project is to investigate an induction-generator power system 
in which the magnetizing current comes from a rotating synchronous 
condenser.  While the steady-state behavior of the system has been 
previously established [3], the study has been based on squirrel-cage 
machine system where the two control variables are prime-mover speed and 
field current of the exciter. In order to reduce the requirements of excitation 
current and hence the relative size of rotary exciter, a second voltage control 
element in terms of a field current to a slip-ring induction machine is 
introduced. While the induction turned-into-synchronous machine can 
operate on stand-alone basis, the influence of the rotary exciter on the 
resulting voltage wave-shape and regulation is investigated. 
 
1.3 Thesis layout: 
The thesis consist of an introductory chapter followed by a description of the 
interaction of system components to be investigated as presented in chapter 
two. This is followed by an analytical background of the induction-
generator/synchronous condenser system leading to the excitation 
requirements of a rotary exciter to a squirrel cage induction generator as to 
be presented in chapter three. The results of experimental scheme 
incorporating a slip-ring generator with added field excitation controller are 
presented in chapter four. This is followed by concluding remarks and 
proposals for future work on the system. 
 
CHAPTER TWO 
The Three Generation schemes to be investigated 
 
2.1 General: 
The generation systems to be investigated all comprise an induction machine 
and an electrically-coupled synchronous machine, each having its own 
prime-mover. In the first, the induction machine slip-rings are short-circuited 
so that the requirements of magnetizing current to the squirrel-cage 
generator come form the mechanically isolated revolving synchronous 
condenser as shown in fig (2.1). In the second scheme shown in fig (2.2), the 
main generator is synchronous machine while the electrically-coupled slip-
ring induction machine with its own field excitation is intended for voltage 
support of this isolated synchronous generator. The third scheme to be 
investigated is the induction-turned-into-synchronous generator with 
additional voltage control provided by the field current of the isolated 
synchronous generator, used as synchronous condenser as shown in fig (2.3). 
 
 
 
 
 
 
 
Load
Fig. (2.1) Schematic diagram of I.G./S.C. System 
Synchronous m/c
DC source 
Induction m/c Prime-mover
Fig. (2.2) Schematic diagram of synchronous 
generator/induction-synchronous condenser system 
Synchronous m/c Induction m/c
Load
DC source
DC source
Prime-mover
Prime-mover Induction m/cSynchronous m/c 
Load
DC source
Fig. (2.3) Schematic diagram of induction synchronous 
generator (I.S.G)/ synchronous exciter system  
2.2 Basic induction generator/synchronous condenser  
       interaction 
2.2.1 Theory of operation: 
The theory of the induction generator and synchronous condenser as 
individual electric-machine components are well known. Ref [1,2]. When 
the rotor of polyphase induction machine is driven at any speed in excess of 
synchronous speed associated with the frequency of balanced 3-phase 
sinusoidal voltage connected to the stator terminal, electric power is supplied 
by the machine. Also, it is well known that, by over exciting the field of the 
synchronous machine leading reactive power will be supplied by the 
synchronous machine so that, effectively, it is a condenser. 
 
The induction-generator/synchronous condenser interaction is an interesting 
problem in electric-machine theory in its own right. To function, the 
synchronous condenser supplies leading reactive power to excite the 
induction generator. On the other hand the induction generator must supply 
real power to the synchronous condenser to keep it motoring at synchronous 
speed. Stable operation with connected load is demonstrated by experiments 
in the laboratory. 
 
2.2.2 Laboratory Experiments:  
The circuit configurations of fig. (2.1, 2.2 and 2.3) were realized in the 
laboratory by connecting an induction machine and a synchronous machine 
to resistive load as shown.  
Each rotating machine is connected to a. d. c. motor drive that controls the 
shaft speed to a high accuracy. 
2.2.3 Initialization: 
The synchronous condenser was initially driven by the d. c. motor at a 
constant speed to yield a reference frequency f. The resistive load was 
disconnected. The induction machine was driven by its d. c. motor to speed 
wm that was in excess of the synchronous speed so that it was in generation 
mode. By adjusting the synchronous machine field current If1 and induction 
generator speed wm it was possible maintain a preset terminal voltage (Vt) 
and at the same time reduce the armature current of d. c. motor driving the 
synchronous machine to zero, the d. c. motor was disconnected from the 
supply because enough power was supplied by the induction generator to the 
synchronous condenser to maintain the synchronous speed against windage 
and friction losses. The disconnection of the d. c. motor completed the 
initialization of the system. 
 
2.2.4 Basis of I.G. /S. C. interaction:[2] 
An analysis of steady-state performance of the system supplying              a 
resistive load can be based on the individual per-phase equivalent circuits of 
the two machines combined as shown in Fig. (2.4). 
 
 
 
 
 
 
 
 
Fig. (2.4): induction generator/synchronous condenser equivalent circuit 
Isc 
IL 
If 
Synchronous condenser
G 
Eg
A 
jXs Rs R1 jX1 R2/s jX2 
Load 
F
Induction generator 
E
Vtg
RL
I1 
Im 
I2 
Vm
jXm 
B C D 
When the induction machine equivalent rotor resistance R2/S becomes 
negative and the generation sets in, the generated out-put current Ig supplies 
the load current IL and the real part of the synchronous condenser current Isc. 
Real power is supplied by induction generator to synchronous condenser to 
replenish the dissipative losses in Rs as well as its friction and windage 
losses to keep its rotor revolving at the specified synchronous speed. In the 
synchronous machine, the field current If controls the magnitude of the 
terminal voltage Vtg. Being over excited the synchronous condenser supplies 
the induction generator with the magnetization current Im which is necessary 
for generation process. 
 
The analysis of the system start by writing the equation using kirchhoff’s 
voltage law (K. V. L) and kirchhoff’s current law (K. C. L) for the loops and 
nodes of Fig (2.4) . K. V. L. for loop E D C E gives: 
 
Vm = (-I2) (-R2 + jX2)  ……………………………… 2.1  
S 
And is represented by the vector oa in fig. (2.5) the magnetization current Im 
at branch C E is given by: 
 
Im = Vm   and represented by the vector ob. K. C. L. at node c, gives 
       jXm 
 
I1 = I2 – Im ……………………………..…………….. 2.2 
 
I1 Which represented by og.  K. V. L around C B F E C gives: 
 
Vtg = Vm –I1 (R1 + jX1)  ……………………………… 2.3  
Vtg 
h 
k 
Eg 
O
Isc 
I2
I1
gj 
c
Vm 
 
Vtg is represented by oh. since, the load is purely resistive,  
IL = Vtg    
       RL 
 
IL is collinear with Vtg and is represented by oi. K. C. L at node B gives: 
 
 
Isc = I1 – IL …………………………..……………….. 2.4 
 
Isc is represented by oj. K. V. L around A B F G A is : 
 
Eg = Vtg-Isc (Rs+jXs) …………………………….……2.5 
 
Eg is represented by ok.  
These relationships are combined in phasor diagram as shown in Fig (2.5). 
 
a 
Im 
Fig. (2.5): Induction –Generator /Synchronous Condenser 
Phasor Diagram 
b 
i 
IL 
2.3 Motoring power and excitation requirements: 
The analysis of excitation requirements of the squirrel-cage induction 
generator system requires determination of system real power balance as 
well as the saturation characteristics of the synchronous machine as to be 
shown in chapter III. For the other two systems the steady state analysis is 
that of a two machine system as shown in Fig 2.6 with Eg1 and Eg2 to be 
determined for any given load condition. Knowledge of the excitation e.m.fs 
can then lead to the excitation current requirements. 
 
 
Vt 
Z2 Z1 
ZL Eg2 Eg1 
If1 
 
Fig. (2.6)  Induction Synchronous machine / 
synchronous machine equivalent Circuit 
If2 
CHAPTER THREE 
Synchronous Compensator Characteristic &  
Excitation Requirements  
 
3.1 General:[7] 
A synchronous compensator is designed to run without mechanical 
attachment but with its excitation so controlled as to provide a load taking a 
purely reactive power. Located at strategic points in a supply network, 
compensators can act as 3-ph inductors or capacitors. With over-excitation 
the machine is stable and capable of accepting leading reactive powers at 
almost zero P.f. When under-excited the input lags but the stability is 
reduced. Full rating at zero p.f lagging can be obtained with excitation 
reversed, although such a mode is unusual. 
Compensators in large networks are equipped with automatic excitation 
control to maintain stable operation; the important requirements are related 
to the rapidity of response, which determines how quickly corrective 
measures can be applied to restore stability, if lost.  
 
3.2 Synchronous machine operational modes: 
 
 
 
 
 
 
 
Ig 
Eg Vt 
ZmZg
Im
Em
If g If m 
Fig. (3.1): Per-phase equivalent representation of 
a synchronous motor-generator set. 
Considering the per-phase equivalent circuit representation of a 3-phase 
synchronous generator feeding into a 3-phase synchronous motor as shown 
on Fig. (3.1), the following phasor relationships can be written: 
 
Eg = Vt + IgZg…………........................................................3.1 
Em = Vt – ImZm……………………………………………..3.2 
 
Where Eg and Em are the excitation emfs and Zg and Zm are the internal 
synchronous impedances. 
 
Under steady load conditions, the generator will have a definite load angle δg 
and the motor will have δm. The field current If  representing the second 
controller will then define the following operational modes: 
 
(i) Normal Excitation Mode: 
In this mode the field current is adjusted so that the generating or 
motoring current is in phase with the terminal voltage. The induced emf 
in this mode will lead the terminal voltage for the generating machine 
and will lag the terminal voltage for the motoring one. 
 
(ii) Under-excited mode: 
When the field current is reduced, the synchronous machine is under-
excited and the induced emf will be less than the terminal voltage. In this 
case if the machine is generating then the generated current will lead the 
terminal voltage Vt. On the other hand if the machine is motoring then 
the current will lag the terminal voltage. 
 
(iii) Over-excited mode: 
When the field current is greater than that in (i), the synchronous 
machine is overexcite and the induced emf will be greater than the 
terminal voltage. In this case, the current will lag the terminal voltage 
when generating and will lead the voltage when motoring. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Eg
Ig 
δg 
Vt 
(i) Generating: 
Ig in phase and Eg lead Vt 
Im
Em
δm
Vt 
(ii) Monitoring: 
Im in phase and Em lag Vt 
(a) Normal Excitation 
  
 
 
 
EgIg 
δg 
Vt 
(i) Generating: 
Ig and Eg lead Vt 
Øg
Em
Im
δm Vt 
(ii) Motoring: 
Im and Em lag Vt 
Øm
Em
Im
δm 
Vt 
(ii) Motoring: 
Im lead Vt and Em lag Vt 
Øm
Fig. (3. 2, a, b, c) Synchronous m/c operational modes 
(b) Under Excited 
(c) Over Excited 
Eg
Ig 
δg 
Vt 
(i) Generating
: 
Ig lag Vt and Eg lead Vt 
Øg
In this scheme, our interest is in the overexcited motoring mode where the 
I2R losses are typically small and therefore the machine approximates to a 
capacitor element as shown in Fig. (3.3). The synchronous machine in this 
mode will behave as a controlled capacitor which is the requirement for the 
induction generation process. 
 
 
 
 
 
 
 
 
 
 
3.3 Steady-state motoring stability limits: 
If a terminal voltage Vt is supplying a synchronous motor with a current Isc 
at a power factor cosØ, then the real power input is 
 
Pin = VtIsc cosØ…………………………………………3.3 
  
And the electro-mechanical power developed is 
 
Pm = Pin – I2sc Rs………………………………………..3.4 
 
Where I2sc Rs is the dissipative heat in Rs. 
Em
Im
δm
Vt 
Fig. (3.3). Synchronous-condenser phasor diagram 
Øm= 90º
By substituting equation (3.3) in equation (3.4) and rearranging, the 
following quadratic equation. 
0
R
P
I
R
cosV
I
s
m
sc
s
t2
sc =+φ− ....................................................3.5 
 
Yields the synchronous condenser current as  
s
m
2
s
t
s
t
sc R
P
R2
cosV
R2
cosV
I −⎟⎟⎠
⎞
⎜⎜⎝
⎛ φ±φ= …………………………3.6 
 
For a given machine (specified by Rs) and a load condition (specified by Pm), 
there will be two values of Isc, one leading and the other lagging. In addition 
the existence of the synchronous condenser steady state current will depend 
on the terminal voltage and supply power factor.  
 
3.4 Synchronous condenser excitation requirements: 
If a terminal voltage Vtg is impressed across the terminal of a synchronous 
condenser and supplying a current Isc with power factor cosØ, then the 
internal voltage Em (Fig. 3.1), is, 
 
Em = Vtg – Isc Zs………………………………………..3.7 
Where 
Zs = Rs + jXs…………………………………………...3.8 
 
Zs is the synchronous condenser impedance, Rs is the stator resistance and 
jXs is the synchronous reactance. 
The synchronous condenser current Isc may be dissolved into its real and 
imaginary components as,  
 φ= cosII scscr …………………………………………….3.9 
φ= sinII scscm ……………………………………………3.10 
By utilizing equation (3.7), (3.8), (3.9) and (3.10), 
[ ]
22
2
)sincos(
)sincos(
φφ
φφ
sssc
sssctgm
RXI
XRIVE
−
+−−=
 ............................3.11 
 
⎟⎟⎠
⎞
⎜⎜⎝
⎛
−−
+−=
)sincos(
)sincos(
1tan φφ
φφδ
sssctg
sssc
XRIV
RXI
m ………………..3.12 
 
3.4.1 Determination of Xs: [6] 
The synchronous reactance Xs determination is dependant on the 
magnetizing curve of the synchronous machine. It is obtained 
experimentally from an open-circuit and a short-circuit test on the machine 
as Fig. (3.4). 
 
Fig. (3.4): Exhibits the open-circuit and short-circuit characteristics 
Vo 
Egu  
Egr  
AGL
LOL
OCC
SCC
ISC
IUgSC  or  ILgSC
If If
In these two tests the synchronous machine exhibits saturation on open 
circuit, and fails to do so in the short circuit test. This is due to the stator 
magnetic field (Bs) which partly opposes the rotor flux density (Br) when the 
stator current Ig lags the excitation voltage Vtg Fig. (3.5). 
 
 
 
 
 
 
 
 
 
 
 
When the synchronous m/c terminals are short-circuited, then the terminal 
voltage is zero so that from equation (3.1), 
 
Eg = (Rs+jXs)Ig…………………………………………..3.13 
 
However, since Rs<<Xs, the stator curent Ig lags the generated voltage Eg by 
nearly 90º. Thus the stator field (Bs) is nearly in opposition with the rotor 
flux density (Br), Fig. (3.6). Consequently, the magnetic circuit is not 
saturated during the short circuit test, even at exceedindgly high values of 
field current 
 
 
δ
Ig 
Eg
Vtg
Vtg ≈ Eg 
Vg ≈ 0 
 
Br 
Bt 
Bs
δ
δ≈0 
Bt ≈ Br 
Bs ≈ 0 
 
Fig. (3.5) Saturation of the magnetic circuit, under open-circuit test. 
  
 
 
 
 
 
 
 
 
 
Therefore, the air-gap characteristic is taken as the relation between the 
unsaturated geneated voltage Eug (u ≡ unsaturated) and the field current If. 
 
From Fig. (3.4), the unsaturated synchronous reactance is obtained as, 
 
scI
agE
X u
g
u
gu
s −
−=  ………………………………………………3.14 
 
and, 
 
g
u
sstg
u
g I)jXR(VE ++= …………………………………….3.15 
 
The reflection of ugE  off the AGL-line in Fig. (3.4) gives the corresponding 
field current. 
Ig
Eg 
Vtg  = 0 
BS Br 
BS = Br 
Bt = o 
Fig. (3.6) Unsaturation of the magnetic circuit, under short-circuit test. 
 When the synchronous m/c is loaded, then the synchronous reactance may 
be expressed with the aid of the load line (LOL) in Fig. (3.4) as 
 
scI
)rated(V
X L
g
L
tgL
s −= …………………………………………3.16 
correspondingly, the generated voltage LgE  (L ≡ linearized) can be written as, 
g
L
ss
L
tg
L
g I)jXR(VE ++= …………………………………..3.17 
 
The reflection of LgE  off the LOL-curve in Fig. (3.4) determines the field 
current. 
 
3.4.2 Relation between Eg and the field current If: 
The mathematical relation between Eg and If is deduced from the OCC-
curve of each lineraized synchronous condenser by using the air-gap (AGL) 
and load (LOL) lines. since, it is assumed that each line passes the origin, 
then the generated voltage using the (AGL) is, 
 
fu
u
g IKE = ……………………………………………..3.18 
 
Where,  ku is the slope of the air-gap-line  (AGL). 
On the other hand, the generated voltage using the LOL-line is,  
 
fL
L
g IkE = …………………………………………….3.19 
Where kL is the slope of the LOL-line. 
 
3.5 Summary: 
The excitation requirements of the synchronous machine to a squirrel- cage 
induction generator can be seen to be higher for normal loads. It has been 
proven experimentally that the KVA requirements vary with load from a 
higher value to a minimum and then rise to higher values with load demand. 
Therefore, the specifications of load range determine the size of the exciting 
machine. In the next chapter, a practical solution to the excitation 
requirements is given in terms of excitation current to a slip-ring machine. 
CHAPTER FOUR 
Experimental Results of the slip-ring Induction Machine / 
Synchronous Machine System 
 
4.1 General:[5] 
The layout of a winding in electric machine affects the mmf distribution and performance of machine. All coils of a winding can be 
placed in two slots, and such winding is known as a concentrated winding. This requires large sizes for the slots; also, large portion of 
stator or rotor is left unused. Except in a few smaller machines, concentrated windings are hardly used. The coils of windings are 
usually distributed over a few slots and such winding is known as a distributed winding. If the rotor circuit is not uniform, it is 
expected that m.m.f harmonic would result in voltage harmonic. 
 
Distributed windings can make better use of the stator or rotor structure and also decrease harmonics. 
 
4.2 Synchronous Induction Machine Connections:[7] 
If the rotor winding of slip-ring induction motor is excited by direct current, 
the m. m. f distribution produces alternate N and S poles in the same way as 
does a 3-phase current, but the pole axes are fixed with respect to the rotor. 
Fig. (4.1) shows the adopted connections for excitation in this project. 
In Fig (4.1)  the direct current Id from an excitation system flows through 
 
 
 
 
 
 
 
 
 
 
Fig. (4.1)  Synchronous- induction motor: connections for excitation 
½ Id
Id 
½ Id 
a 
Id  
Id
b 
 one phase winding and then through the other two in parallel, so that the 
m.m.f pattern is identical with that of a normal 3-phase excitation at the 
instant that the current in one phase is at its peak value. Other possible 
connection is also shown in Fig. (4.1.b). 
 
A cylindrical rotor slip-ring induction motor can thus be readily 
synchronized. It started on rotor rheostats through a change-over switch, and 
when a small slip has been reached, the switch is moved to provide d.c 
excitation. The machine has then a reasonable pull-out synchronous torque 
with possibility of power-factor correction as an additional feature. 
If the machine is driven by an external prime-mover and excited by d.c 
source in any one of the above configurations, it will act as a synchronous 
machine.  Due to irregularities introduced by rotor circuit   imbalance, the 
resulting output voltage waveform is expected to be distorted as shown in 
photographs (4.1,3 and 5) for delta connection and photo. (4.7,9 and 11) for 
star connection.     
4.3 Experimental Results of the Synchronous Generator/ 
Induction Synchronous Condenser System: 
The equivalent circuit of the system used in this case is shown in Fig.    (4-2) 
where Zsg, ZISC represent synchronous impedance of synchronous generator 
and induction synchronous condenser respectively. The system is composed 
of a conventional synchronous generator, an induction synchronous 
condenser and a resistive load.  
 
4.3.1 Voltage regulation characteristics 
The system is loaded gradually while maintaining the exciter field currents 
(exciter of field current of generator If1) and exciter field current of induction 
synchronous condenser (If2) and frequency constant 
This involves continuous adjustments of prime-mover speed through 
armature and field control of dc motor drive. 
 
 
 
 
 
 
 
 
 
 
 
The experimental investigation in this chapter uses synchronous generator 
with induction synchronous exciter and also the influence of static shunted 
bank of capacitors on the voltage regulation is observed. Details of 
synchronous machine and induction machine used in this thesis are given in 
appendix (A). 
 
A number of graphs of experimental results of the characteristics with 
constant field current (If2) and frequency are given (Fig 4.3 to 10). Values of 
field current (If2) used are (0.5, 2.4, 3.1, 4.6, 5.5, 7.1 10.4 and 10.9 Amps). 
 
ZISC 
Ig 
If1
IISC 
Vtg ZsgRLIL 
EgEm
If2 
Fig. (4.2): S.G/I.S.C equivalent circuit 
While the main field (If1) is kept constant at 2.0 Amps. The figures shows 
the influence of rotor connections of (delta and star) of the induction 
synchronous condenser on voltage regulations at different values of field 
current as presented on (Fig 4.3 to 4.9) and also the influence of exciter field 
current (If2) on the induction synchronous condenser current and terminal 
voltage are shown on (Fig 4.10 to 4.13). 
 
A number of graphics of experimental result also show the influence of 
shunted capacitor bank on voltage regulation characteristics with constant 
field currents and frequency are given in (Fig 4.14 to 4.17).  
(Fig4.3) : Voltage Regulation at Constant Frequency, 50Hz 
and Main Field Current, If1 (StarConnection) If2=3.1
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(Fig 4.4) : Voltage Regulation at constant frequency, 50Hz and main 
field Current, If1 (Delta Connection) If2=3.1
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  (Fig 4.5) : Voltage Regulation at constant frequency,50Hz and 
main field current,If1 (Delta Connection) If2= 4.6
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(Fig 4.6) : Voltage Regulation at constant frequency,50Hz and main 
field current, If1 (Delta Connection) If2= 5.5
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(Fig 4.7) : Voltage Regulation at constant frequency 50Hz 
and main field current, If1  (Star Connection) If2 = 7.1 
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(fig 4.8) : Voltage Regulation at constant frequency, 50 Hz 
and main field current, If1 (Star Connection) If2=10.4
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(fig 4.9):  Voltage Regulation at constant frequency,%0Hz and 
main field current,If1 (Delta Connection) If2= 10.9
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(fig 4.10) :  Influence of If2 on Iisc at constant 
frequency,50Hz and main field current,If1 (star connection)
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(Fig 4.11) : Influence of If2 on Iisc at Constant Frequency,50Hz and main field 
current,If1(Delta connection)
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(Fig 4.12) : Variation of Vt with If2at constant 
frequency,50Hz and main field 
current,If1(Delta Connection)
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fig ( 4. 13): Variation of Vt with If2at constant 
frequency,50Hz and main field current,If1(Star Connection)
0
50
100
150
200
250
0 2 4 6 8 10 12 14 16
Exciter field current, A If2
Te
rm
in
al
 V
ol
ta
ge
 V
t
exp. fitt.
 
 
(Fig 4. 14) : Voltage Regulation using Synch. Condenser and Shunted 
Capacitors 
at constant frequency,50Hz If2= 0.5
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((Fig 4.15) : Voltage Regulation at constant 
frequency,50Hz(Synchronous Condenser+Shunted Capacitor
 at Condenser Side) If2=0.5
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(Fig  4.16) :Voltage Regulation at constant frequency, 50Hz 
using Synch. and shunted Capacitor At Load Side If2=4.0
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(fig 4.17) :Voltage Regulation at constant frequency,50Hz  using Synch. 
Condenser and Shunted Capacitor at Condenser side If2=4
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4.3.2 Comments: 
From the graphs shown, it can be seen that a higher value of terminal voltage 
is obtained in case of star connection of the I.S.C as can be noted from 
Fig(4.3) and Fig (4.4), while the irregularities of voltage  regulation 
characteristic of the system is obtained in the case of star connection of I.S.C 
with increase of If2 as shown in Fig (4.8) and Fig (4.9). As the induction 
synchronous exciter current (If2) is increased, the armature current of the 
exciter decreases passing through a minimum value beyond which it 
increases again as shown in Fig (4.10) and Fig (4.11). This is a reflection of 
the normal V-characteristics found in synchronous generator practice. The 
comparison between star and delta connections given in Fig (4.10) and Fig 
(4.11) show that the delta connection gives lower currents than star 
connection for a given field current. 
A reduction of field current requirements of the I.S.C for a given voltage 
output is obtainable through added shunt capacitance as shown in Fig (4.14) 
and Fig (4.15).   
  
4.4 Description of curve-fitting: 
By using the Microsoft Excel, a curve fitting may be obtained. This is done 
by exploiting the facility that is offered by the regression analysis (A form of 
statistical analysis used for forecasting. Regression analysis estimates the 
relation ship between variables so that a given variable can be predicted 
from one or more other variables). 
Regression analysis is also called treadlines since it graphically display 
trends in data and to analyze problems of predicions, it can extends in a chart 
beyond the actual data to predict future values.  
 
4.5 Experimental Results of the Induction Synchronous Generator / 
Synchronous Condenser System: 
4.5.1  Waveform and harmonic voltages: 
The waveform of the induced voltage in a wing depends on the space 
distribution of the air gap flux density. 
This flux density is not purely sinusoidal for example; in synchronous 
machines the space flux density distribution of rotor pole is non-sinusoidal. 
In induction machines the air gap is produced by currents flowing in the 
windings and space flux density distribution is non-sinusoidal the 
distribution of winding coil can improve the space flux density distribution 
but cannot make it purely sinusoidal. 
Because of a non-sinusoidal space flux density distribution, the induced 
voltage in a winding, the harmonics can be appreciably reduced.  
 
4.5.2. Voltage waveform characteristics: 
The equivalent circuit used in this case is shown in Fig (4.4), where ZSC 
and ZISG represent the impedances of synchronous condenser and 
induction synchronous generator respectively. 
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Fig. (4.4):I.S.G/S.C equivalent circuit
  
A number of photographs of experimental results show the waveform and 
harmonics voltages at constant frequency and condenser exciter current (If1) 
and for different values of main field current of exciter (If2), are given in the 
following photographs. 
 
1- Photos (4.1.a, 4.2.a and 4.3.a) show the wave form of the voltage for 
different value of field current (If2) (1.6, 6.6 and 11 Amps) for delta 
connection without condenser, while photos (4.1.b, 4.2.b and 4.3.b) 
show the waveform of the voltages for the same field currents in 
presence of condenser.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 Voltage / Division:  
                           10 Time /  division 
 
Photo (4.1.a) without synchronous condenser 
 
 
 
10 Voltage / Division 
                          10 Time / division 
 
Photo. (4.1.b) with synchronous condenser 
 
photos (4.1): Waveform of a Delta connected generator showing the 
effect of a coupled synchronous condenser (If=1.6A) 
 
20 Voltage / Division: 
                              10 Time / division 
 
Photo (4.2.a) without synchronous condenser 
 
10 Voltage / Division 
                          10 Time /division 
 
Photo. (4.2.b) with synchronous condenser 
 
photos (4.2): Waveform of a Delta connected generator showing the 
effect of a coupled synchronous condenser (If=6.6A) 
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Photo. (4.3.a) without synchronous condenser 
 
10 Voltage / Division 
 10 Time / division 
 
Photo. (4.3.b) with synchronous condenser 
 
 
photos (4.3): Waveform of a Delta connected generator showing the 
effect of a coupled synchronous condenser (If=11A) 
 
 2- Photos (4.4.a ,4.5.a and 4.6.a) show the wave form of voltages for 
different values of field current (If2)  (1.7, 6.6 and 11 amps) 
respectively for star connection without condenser, while photos 
(4.4.b, 4.5.b and 4.6.b) show the waveforms of voltages for the same 
field current in the presence of condenser. 
 
 
5 Voltage / Division 
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Photo. (4.4.a) without synchronous condenser 
 
5 Voltage / Division 
                   10 Time / division 
 
Photo. (4.4.b) with synchronous condenser 
 
photos (4.4): Waveform of a star connected generator showing the effect 
of a coupled synchronous condenser (If=1.7A) 
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Photo. (4.5.a) without synchronous condenser 
 
 
10 Voltage / Division 
            10 Time / division 
 
Photo. (4.5.b) with synchronous condenser 
 
photos (4.5): Waveform of a star connected generator showing the effect 
of a coupled synchronous condenser (If=6.6A) 
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Photo. (4.6.a) without synchronous condenser 
 
10 Voltage / Division 
 
                 10 Time / division 
 
Photo. (4.6.b) with synchronous condenser 
 
photos (4.6): Waveform of a star connected generator showing the effect 
of a coupled synchronous condenser (If=11A) 
4.5.3 Constant voltage loading results: 
 
An experimental result of the characteristics with constant terminal voltage 
and frequency are listed the field current of the exciter (If1) of the condenser 
is held constant at 1.0 Amp for all experiments in this section the 
experiments are summarized as follows: 
1- (Fig 4.19) and (Fig 4.20) show the influence of main field current (If2) 
on synchronous condenser current (ISC) for star connection and delta connection 
respectively.  
2- (Fig 4.21) and (Fig 4.22) show the effect of condenser current (ISC) on 
terminal voltage for both connections star and delta respectively. 
 
(Fig 4.19) :Influence of Main Field Current (If2) on 
synchronous Condenser Current (Isc) at constant 
frequency,50Hz and exciter field current,If1(Star Connection)
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 (Fig 4.20) :Influence of Main Field Current (If2) on 
Condenser Current (Isc)at constant frequency,50Hz and 
exciter field current,If1 (Delta Connection)
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(fig 4.21) :Effect of Condenser current on Terminal Voltage at 
constant frequency50Hz and exciter field current(Delta Connection)
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(Fig 4.22) :Effect of Condenser current on Terminal Voltage at 
constant frequency,50Hz and exciter field current,If1 (Star Connection)
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3- (Fig 4.23) and (Fig 4.24) shows the relation between condenser 
current (ISC) and load current and the effect of rotor excitation (star and 
delta). 
(Fig 4.23 ) :Relation between Condenser Current and  Load Current 
at Constant Voltage, Frequency and Exciter field current,If1 (Delta 
Connection)
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(Fig 4.21) :Relation between Condenser Current and Load Current at Constant 
Voltage and Frequency (Star Connection)
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4.5.4 Comments: 
The improved voltage waveform in the presence of the synchronous 
condenser can be seen from the photos presented. However, the way in 
which the magnitude of terminal voltage variations with field current is that 
the voltage of the un-coupled system is less than that of the coupled for low 
values of If. This trend reverses for higher values of If and this requires 
further investigation. 
 
 
 
CHAPTER FIVE 
Conclusion and Proposed Future Work 
 
5.1 Conclusions: 
The study has affirmed the ability of supplying power at regulated voltage to 
an isolated grid system using: 
i) 3-phase induction generator and a revolving synchronous 
condenser system. 
ii) 3-phase  synchronous generator and a revolving 
induction synchronous condenser and  
iii) 3-phase induction synchronous generator and a revolving 
synchronous condenser system. 
 
The feasibility of the isolated induction generator with a rotary synchronous 
exciter in the steady-state performance has previously been reported. 
 
As a result, it has been possible to arrive at the following general 
conclusions regarding the steady-state behaviour of the systems. 
(1) For the same excitation currents of main field exciter current If1 and field 
exciter current of the ISC (If2) the following observations are obtained: 
(a) A higher value of terminal voltage is obtained in case of star 
connection of the ISC. 
(b) Locking of the system SG/ISC in the case of star connection of 
the ISC is faster than the delta connection but needs more 
excitation current (If2). 
(c) For smooth locking delta connection is better than star 
connection. 
(d) For regular voltage regulation characteristics of the system, 
delta connection is more stable than, star connection, 
particularly when the excitation current of the exciter (If2) is 
increased. 
(e) The influence of exciter field current (If2) on induction 
synchronous condenser current (IISC) in delta connection is 
better than star connection. 
(2) (a) In addition to the influence of induction synchronous 
condenser the influences of static shunted bank of capacitor has 
been observed and demonstrated to produce higher value of 
voltages with minimum exciter current (If2). 
(b) The shunted capacitor bank support the system voltage regulation. 
(3) For the same excitation current of main field of I.S.G (If2) and field 
exciter of synchronous condenser the following observations are 
obtained. 
(a) Higher value of terminal voltage is obtained in case of star 
connection when the system is gradually loaded. 
(b) For the induction synchronous generator/synchronous 
condenser system, delta connection is better and more stable 
than star connection without synchronous condenser. 
(c) Shape of the waveform of voltages is distorted for both 
connections (star and delta). By coupling the synchronous 
condenser the shape of the waveform is purified and become 
sinusoidal wave. 
(4) Full excitation is needed if a slip-ring induction machine is used to 
operate as an isolated induction synchronous generator for both 
connections (star and delta). 
 
5.2 Proposed Future Work: 
In order to meet the requirements of a induction synchronous generator and 
induction synchronous motor used as revolving condenser in steady-state 
performance. The following investigations are suggested: 
(1) More photographs for waveform when the system is loaded (with 
variable loads) by using harmonic analysis or by spectrum analysis. 
(2) Size of induction synchronous condenser and the maximum reactive 
power can be determined compared to the main generator. 
(3) The optimum connection for excitations of rotor windings of a slip-
ring induction motor so as to obtain the greatest d.c m.m.f with 
minimum excitation power.  
(4) The dynamics of the system for shock loads should be investigated. 
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Appendix A 
 
Machines parameters [з] 
A) Induction machine:- 
R1 L1=L2 Lm (h) R2 (Ω) 
0.65 5.1 x 10-3 0.20 85 0.71 
 
Ratings: 
1- Stator: 10 KVA, 220 V, 24.5 Amps 1450 rpm, 50 Hz, 4 Poles. 
2- Rotor: 235 V, 17.5 Amps. 
 
B) Synchronous machine:- 
Rs (Ω) Ls* (h) K* 
4.5 0.0413 71.71 
 
Rating: Synchronous motor 
6 KVA, 220 V, 50 Hz, 15.2 Amps, 6 Poles, 1200 rpm. 
Excitation: 3.2 Amps, 125 V. Westin house corporation, made in USA 
Ls* ≡ unsaturated synchronous inductance 
K* ≡ the Air-gap line slope. 
Appendix B 
 
Table of Experimental Results: 
A sample of numerous experimental results on various experimental set for 
loading, regulation characteristic, effect of shunted bank of capacitors, 
variation of terminal voltages with exciter field current (If2), and also the 
influence of exciter field current on Induction Synchronous condenser (IISC) 
 
Table (B-1): Constant excitations If1=2.0 Amp, If2=3.1 Amps, 50 Hz  Vt = 
157.3 (star connection)*  
Rpm Vt IG IISC IL 
1560 178.2 2.6 2.6 0 
1560 175.4 3.1 2.6 0.6 
1560 174.5 3.4 2.6 1.0 
1560 173.4 3.6 2.6 1.3 
1545 167.7 4.8 2.5 2.6 
1545 166.6 5.2 2.4 3.3 
1545 165.2 5.6 2.4 3.6 
1545 161.6 6.3 2.4 4.4 
1545 160.4 6.5 2.3 4.8 
1535 158.8 6.9 2.3 5.0 
1530 155.7 7.3 2.3 5.7 
1530 154.6 7.3 2.3 5.9 
1530 153.1 7.9 2.2 6.2 
1528 150.3 8.4 2.1 6.6 
1528 149.0 8.6 2.0 7.0 
1526 147.2 8.8 2.0 7.2 
1525 144.9 9.2 2.0 7.6 
1525 141.6 9.6 1.9 8.0 
1525 138.6 10.0 1.8 8.4 
 
                                                 
* Star connection means the rotor windings of slip-ring of induction machine is connected in star way and 
excited 
Table (B-2): constant excitations If1 = 2.0 Amps , If2 = 3.1 Amps , 50 Hz 
(delta connection)** 
 
Rpm Vt IG IISC IL 
1520 167.0 2.8 2.8 0 
1518 165.2 3.3 2.8 0.6 
1515 164.3 3.5 2.8 1.0 
1510 163.4 3.8 2.8 1.3 
1505 159.4 4.9 2.7 2.8 
1505 158.1 5.1 2.7 3.1 
1505 157.1 5.5 2.6 3.5 
1500 154.4 6.1 2.5 4.2 
1500 153.5 6.3 2.5 4.4 
1495 152.1 6.7 2.5 4.9 
1495 149.5 7.1 2.5 5.4 
1495 148.5 7.4 2.5 5.7 
1495 147.1 7.8 2.4 6.1 
1495 144.8 8.1 2.4 6.4 
1495 143.7 8.4 2.9 6.7 
1495 142.1 8.6 2.3 7.0 
1495 140.2 8.9 2.3 7.2 
1495 138.2 9.2 2.3 7.6 
1495 137.3 9.4 2.2 7.8 
1495 125.4 10.9 2.0 9.2 
1495 122.8 11.1 2.0 9.6 
 
                                                 
** Delta connection means the rotor windings of slip-ring induction machine is connected in delta way and 
excited. 
 
Table (B-3): Constant excitations If1 = 2.0 Amp, If2 = 4.6 Amps,   50 Hz 
(delta connection) 
 
rpm Vt IG IISC IL 
1510 176.6 2.1 2.1 0 
1505 174.3 2.7 2.1 0.6 
1500 173.0 3.1 2.1 1.1 
1500 172.2 3.3 2.1 1.4 
1495 167.3 4.7 2.0 2.9 
1495 166.6 4.9 2.0 3.2 
1495 165.1 5.2 2.0 3.6 
1491 161.9 6.1 1.9 4.4 
1490 160.7 6.3 1.9 4.7 
1490 159.3 6.6 1.9 5.1 
1490 156.7 7.2 1.8 5.7 
1490 155.5 7.5 1.8 5.9 
1460 153.9 7.8 1.8 6.3 
1460 150.4 8.1 1.7 6.6 
1450 149.1 8.4 1.7 6.9 
1450 147.5 8.6 1.7 7.2 
1450 145.0 9.1 1.7 7.6 
1450 144.1 9.2 1.6 7.8 
1450 142.7 9.5 1.6 8.0 
1450 139.9 9.9 1.6 8.4 
1450 138.8 10.1 1.6 8.6 
1450 136.9 10.3 1.0 8.8 
 
Table (B-4): Constant excitation If1 = 2.0 Amp, If2 = 5.5, 50 Hz (delta 
connection) 
 
rpm Vt IG IISC IL 
1520 177.8 2.5 2.6 0 
1520 176.1 3.3 2.6 0.6 
1520 175.2 3.5 2.6 1.0 
1520 174.8 3.6 2.6 1.1 
1520 173.9 4.0 2.5 1.4 
1515 171.8 4.3 2.5 1.7 
1510 170.6 4.7 2.5 2.0 
1508 168.8 5.1 2.5 2.5 
1507 165.6 6.2 2.5 3.6 
1505 164.1 6.4 2.5 4.0 
1503 162.3 6.9 2.5 4.3 
 
Table (B-5) : Constant excitation If1 = 2.0 Amp, If2 = 7.1, 50 Hz (star 
connection) 
 
rpm Vt IG IISC IL 
1509 189.7 2.0 2.0 0 
1509 187.0 3.0 2.0 0.6 
1509 185.1 3.6 2.0 1.2 
1509 184.7 3.9 2.0 1.4 
1503 182.2 4.7 2.0 2.3 
1503 179.3 5.5 2.0 3.1 
1503 178.7 5.7 2.0 3.3 
1502 177.8 6.1 2.0 3.5 
1502 176.7 6.3 2.0 3.9 
1501 175.1 6.7 2.1 4.3 
1500 174.1 7.0 2.1 4.6 
 
Table (B-6): Constant excitation If1 = 2.0 Amps, If2 = 10.4, 50 Hz (star 
connection) 
 
rpm Vt IG IISC IL 
1520 208.1 3.2 3.1 0 
1520 205.6 4.0 3.1 0.8 
1520 203.5 4.1 3.1 1.0 
1510 202.9 4.3 3.1 1.2 
1509 202.0 4.8 3.2 1.6 
1509 201.8 4.9 3.2 1.8 
1508 200.8 5.1 3.2 2.1 
1508 199.6 5.5 3.2 2.6 
1508 196.3 6.4 3.3 3.4 
1508 195.7 6.6 3.4 3.6 
1508 195.6 7.0 3.4 4.0 
1508 194.1 7.3 3.4 4.3 
 
Table (B-7): Constant excitations If1 = 2.0 Amp, If2 = 10.9 Amps, 50 Hz 
(delta connection) 
 
rpm Vt IG IISC IL 
1525 201.8 2.5 2.6 0 
1520 198.8 3.4 2.6 0.8 
1515 197.9 3.7 2.6 1.1 
1510 196.9 4.0 2.6 1.4 
1509 196.1 4.2 2.6 1.6 
1505 189.9 5.9 2.7 3.4 
1505 189.3 6.2 2.8 3.6 
1500 188.1 6.4 2.7 3.9 
1500 187.4 6.9 2.8 4.2 
1500 185.6 7.0 2.8 4.6 
1500 183.4 7.4 2.8 4.9 
1490 179.0 8.2 2.9 5.6 
 
Table (B-8): Constant Excitation (If1) and Frequency, 
If1 = 2.0 Amps, 50 Hz (delta connection) 
 
rpm Vt If2 ISIC IG 
0 193.8 0 0 0 
1510 166.9 3.1 2.8 2.8 
1510 170.7 3.8 2.4 2.4 
1510 176.4 4.6 2.1 2.1 
1490 177.5 5.4 1.8 1.8 
1490 178.7 5.6 1.7 1.7 
1490 181.6 5.9 1.7 1.7 
1490 182.4 6.1 1.6 1.6 
1490 184.4 6.2 1.5 1.5 
1490 199.2 10.3 1.8 1.8 
1490 201.5 10.4 2.1 2.1 
1490 204.1 11.6 2.4 2.4 
1490 208.7 12.9 2.9 2.9 
1490 213.7 14.3 3.8 3.8 
 
Variation of terminal voltage with exciter field current (If2) (Delta connection) 
Table (B-9): Constant excitation (If1) and frequency If1= 2.0A, 50 Hz 
(Star connection)   
rpm IF2 IISC Vt 
1550 0 0 195.0 
1505 2.9 3.8 163.0 
1509 3.6 3.1 169.6 
1509 4.7 2.7 172.0 
1509 4.6 2.5 176.1 
1509 5.3 2.3 179.9 
1509 6.7 2.0 187.5 
1509 7.1 2.0 190.0 
1509 8.2 2.1 195.6 
1509 9.2 2.5 199.9 
1509 10.4 2.9 205.2 
1509 12.6 4.1 213.8 
1503 14.3 4.9 219.7 
 
(1) Influence of exciter field current (If2) on induction synchronous condenser  
(IISC) at constant frequency and field current of generator (star connection) 
(2) Variation of terminal voltages with exciter field current If2 (star 
connection). 
Table (B-10) : Constant excitation (If1) and frequency If1= 2.0A, 50 Hz 
(Delta connection)   
 
rpm If2 IISC Vt 
1490 0 0 193 
1490 2.9 4.1 159.9 
 1505  3.6 3.6 164.5 
1505 4.6 2.9 170.4 
1505 5.0 2.8 173.5 
1505 5.5 2.6 176.7 
1505 6.2 2.4 180.0 
1505 7.9 2.1 188.2 
1505 8.0 2.0 188.5 
1505 8.6 2.1 191.2 
1505 9.8 2.3 195.9 
1505 10.9 2.6 200.5 
1505 13.7 3.6 210.9 
 
Influence of exciter field current (If2) on Induction Synchronous condenser (IISC) 
at constant frequency and field current of generator (delta connection) 
Table (B-11): Constant excitation If1 = 0.5 Amp, If2 = 0.5 Amp, 50 
Hz, Vt = 212.7 (with shunted capacitors at load side)  
 
f Vt IG IL IISC 
50.6 222.8 2.9 2.9 4.7 
50.6 220.3 3.8 3.4 4.6 
50.0 214.3 5.6 4.7 4.4 
50.0 210.9 6.4 5.5 4.4 
50.0 207.8 7.4 6.3 4.2 
50.0 205.6 8.2 7.1 4.1 
 
Table (B-12): Constant excitation If1 = 2.0 Amp, If2 = 0.5 Amp,     50 Hz, 
Vt = 225.3 (with shunted capacitors at condenser side) 
 
f Vt IG IL IISC 
50.6 222.2 2.9 0.8 4.7 
50.6 219.3 3.8 1.7 4.7 
50.0 213.5 5.6 3.8 4.4 
50.0 211 6.4 4.7 4.2 
50.0 207 7.4 5.8 4.1 
19.3 205.2 8.3 6.6 4.0 
 
Table (B-13): Constant excitation If1=2.0 Amp, If2 = 4.0 Amps,    50 Hz 
Vt = 230.1 (shunted capacitors at load side) 
 
f Vt IG IL IISC 
50.6 238.6 2.6 3.2 2.5 
50.6 236.5 3.8 3.5 2.4 
50.0 229.5 5.8 5.1 2.1 
50.0 227 6.7 5.8 2.0 
 
Table (B-14): Constant excitation If1 = 2.0 Amps, If2 = 4.0 Amps, 50 Hz  
Vt = 241.7 (shunted capacitors at condenser side) 
 
f Vt IG IL IISC 
50.6 238.2 2.7 0.9 2.4 
50.6 235.6 3.8 2.0 2.3 
50.0 232.6 4.9 2.9 2.2 
50.0 229.8 5.8 4.1 2.0 
50.0 227 6.7 5.0 1.9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Appendix C 
 
Table of Experimental Results: 
 
A sample of experimental results on the experimental set for loading, regulation 
characteristics and photograph of voltages wave form are presented in the tables. 
  
Table (C-1) : Constant excitation (If1) and frequency , If = 1 Amp, 40 Hz for star 
connection. 
 
rpm Vt  ISC If2 
1200 82.1 1.4 1.7 
1200 83.2 1.2 2.1 
1200 84.9 1.0 2.4 
1200 86.9 0.9 2.5 
1200 91.1 0.5 3.2 
1200 94.1 0.3 3.6 
1200 95.0 0.2 4.1 
1200 98.5 0.3 4.5 
1200 101.1 0.4 5.0 
1200 106.0 1.0 6.1 
1200 109.6 1.4 6.7 
1200 121.9 3.6 10.1 
1200 128.8 5.6 13.2 
 
Table (C-2) : Constant excitation of frequency , If1 = 1 Amp, f = 40 Hz for delta 
connection. 
 
Rpm Vt  ISC If2 
1200 81.5 1.4 1.6 
1200 79.0 1.2 2.1 
1200 81.0 1.1 2.4 
1200 85.4 0.6 3.2 
1200 87.0 0.4 3.6 
1200 91.6 0.2 4.5 
1200 93.0 0.3 5.0 
1200 98.0 0.6 6.1 
1200 100.5 1.0 6.7 
1200 113.9 2.8 10.1 
1200 124.0 4.6 13.2 
 
 
Table (C-3) : Constant voltage , frequency and field exciter (If1)  80 V, 
40 Hz, 1 Amp  for (delta connection). 
 
rpm If2  ISC IL IG 
1200 1.7 1.3 0 1.3 
1200 2.4 1.2 0.2 1.3 
1200 3.6 1.0 1.2 1.9 
1200 4.2 1.1 1.6 2.3 
1200 4.6 1.0 2.0 2.6 
1200 5.1 1.0 2.4 2.9 
1200 5.6 1.2 2.8 3.5 
1200 5.9 1.1 3.1 3.6 
1200 6.3 1.2 3.4 4.0 
1200 6.6 1.1 3.6 4.2 
 
Table (C-4) : Constant voltage 80 V, 40 Hz, and field exciter (If1)   1 
Amp  for (star connection). 
 
rpm If2  ISC IL IG 
1200 1.8 1.2 0 1.2 
1200 2.4 1.1 0.2 1.2 
1200 2.6 1.4 0.9 1.9 
1200 3.0 1.3 1.0 2.1 
1200 3.5 1.4 1.6 2.5 
1200 4.0 1.3 1.9 2.7 
1200 4.7 1.7 2.4 3.3 
1200 5.1 1.6 2.6 3.5 
1200 5.6 1.6 3.1 3.9 
1200 6.0 1.5 3.4 4.1 
 
 
Table (C-5) : Constant excitation and frequency If1 =  1 Amp  If2 = 2.5 A, Hz = 43.3 
for (delta connection). 
 
rpm Vt IG ISC IL 
1318 93 1.0 1.0 0 
1318 89.2 1.8 1.4 0.5 
1318 81.7 2.5 2.1 0.9 
1318 80.1 2.8 1.9 1.6 
1318 81.7 2.9 1.8 1.9 
1318 84.7 3.4 1.6 2.5 
1315 87.9 3.5 1.3 3.1 
1315 92.9 4.0 0.8 3.4 
 
 
 Table (C-6) : Constant frequency 40 Hz, and constant exciter field 
current (If1) 1.0 Amp. for (delta connection) without synchronous 
condenser. 
 
If2 Vt rpm Volt /division Time/ division Photo 
1.6 32.2 1240 5 10 1 
6.6 136.2 1200 20 10 2 
11 185.6 1200 20 10 3 
 
 
 
 
Table (C-7) : Constant frequency 40 Hz, and constant exciter field current (If1) 1.0 
Amp. for (star connection) without synchronous condenser. 
 
If2 Vt rpm Volt/division Time/division Photo 
1.7 36.3 1200 5 10 4 
6.6 167.6 1200 20 10 5 
11 191.0 1200 20 10 6 
 
 
Table (C-8) : Constant frequency 40 Hz, and constant exciter field 
current (If1) 1.0 Amp. for star connection in the presence of synchronous 
condenser 
 
If2 Vt rpm Volt/ division Time/ division Photo 
1.7 81.6 1200 5 10 7 
6.6 109.3 1200 10 10 8 
11 134.6 1200 10 10 9 
 
 
Table (C-9) : Constant frequency 40 Hz, and constant exciter field current (If1) 1.0 
Amp. for delta connection in the present of synch. Condenser 
 
If2 Vt rpm Volt/division Time/division Photo 
1.6 33.2 1200 10 10 10 
6.6 106.0 1200 10 10 11 
11 126.4 1200 10 10 12 
 
 
 
 
